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ABSTRACT The isolated Bacillus species was found to decolourize commercial azo dye Acid red 14. The isolate could 
decolourize the azo dye upto 300 mg/l in minimal medium without nutritional supplements. Effect of various 

nitrogen sources beef extract, yeast extract, peptone at 0.05% and ammonium nitrate, sodium nitrate and ammonium chloride at 0.1 
% and in combinations were studied on decolourization of the Acid red 14 by Bacillus species. 81% decolourization was observed in 
the presence of 0.1% of ammonium chloride in combination of 0.05% yeast extract as compared to other nitrogen sources. The decol-
ourization was monitored for 72 h using the UV-Vis spectrophotometer.

Effect of Nitrogen Sources on the AZO Dye 
Decolourization
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Introduction
Contamination of the environment with hazardous and toxic 
chemicals is one of the major problems facing the industrialized 
nations today. Around 106 tonnes and more than 10,000 differ-
ent synthetic dyes and pigments are produced annually world 
wide and used extensively in dye and printing industries. It is 
estimated that about 10% of these are lost in industrial efflu-
ents1. 

Synthetic dyes have a wide application in the food, pharmaceuti-
cals, textile, leather, cosmetics and paper industries due to their 
ease of production, fastness and variety of colour compared to 
natural dyes. As synthetic dyes are relatively resistant to biodeg-
radation, the elimination of coloured effluents in wastewater 
is based mainly on physical and chemical methods2. The dis-
charge of dyes into the environment impedes light penetration 
and then toxic to food chain organisms and to aquatic life.

Degradation of azo dyes by means of physical and chemical 
methods in waste water are recently done which are not vi-
able options for treating large waste streams and cost prohibi-
tive3. Living system, especially microorganisms can catalyze the 
degradation of wastes without disruption of the environment 
is represented4. The use of microorganisms for the removal of 
synthetic dyes from industrial effluents offers considerable ad-
vantages. Bacteria offer a cheaper and environment friendlier 
alternative for colour removal in textile effluents4,5. The process 
is relatively inexpensive, it is a simple method and the running 
costs are low and the end products of complete mineralization 
are not toxic6. Their enzyme producing activity makes them ef-
fective decolourizers; they remove toxic metals by biosorption 
ultimately rendering the effluents more eco-friendly7.

Aerobic treatment of azo dye wastes though effective, is often 
the typical method of treatment8. Azo dyes generally resist 
aerobic microbial degradation, only organisms with special-
ized azo dye reducing enzymes were found to degrade azo dyes 
under fully aerobic conditions9. Aerobic metabolism of dyes by 
Pseudomonas mendocrina M2M B-404 and Sphingomonas xen-
ophaga BN6 is studied by Sarnaik and Kanekar (1999) and Stolz 
(1999), respectively10, 11. Studies by Buitron et al. (2004) with 
Acid red 151 azo dyes under aerobic conditions using a micro-
bial consortium led to 99% colour removal12.

This research explores the ability of the bacteria isolated from 
the effluent samples to degrade the azo dye, Acid red 14 (AR14) 
in the minimal medium supplemented with different nitrogen 
sources.

Materials and Methods
Dyes and chemicals
The azo dye Acid Red 14 (AR 14) (C.I., 85% min dye content) 

was kindly provided by The Dyestuff Manufacturing Association 
of India, Mumbai. The structure of the azo dye is as shown in 
the figure 1. 

λmax of the dye was determined by using UV-Visible Spectro-
photometer (Aquamate/AQA 50303). The chemicals and medi-
um components were purchased from Hi-Media labs, Bombay, 
India. All chemicals used were of analytical grade.

Figure 1: Azo dye - Acid red 14

Isolation , screening and selection of the bacteria :
Effluent samples collected from various industries from the lo-
cal industrial area were subjected to the enrichment technique 
to isolate the AR14 decolourizing bacteria at 37 °C. Initially 32 
cultures were isolated which were further screened for efficient 
dye decolourizers. The cultures were isolated on the nutrient 
agar using enrichment techniques. For the further studies the 
minimal medium (MM) used composed of (g/l) NaCl (1.0), 
CaCl2.2H2O (0.1), MgSO4.7H2O (0.5), KH2PO4 (1.0), Na2HPO4 
(1.0) at pH 7.0±0.2. Filter sterilized dye was used for decolouri-
zation studies. For the decolourization studies, precultured cells 
of the pure isolate were inoculated into the 100 ml flask con-
taining 25 ml of the presterilized nutrient broth and cultured at 
37°C with intermittent shaking. When the culture turbidity at 
600nm was 1.0, the cells were diluted to 0.1 and the decolouri-
zation tests were done.

Decolourization assay :
Decolourization studies were carried out in minimal medium 
with Acid red 14 dye (dye concentration in the minimal medium 
was 20 mg/l)in the 150 ml Erlenmeyer flasks having 25 ml of 
the reaction mixture with intermittent shaking under aerobic 
conditions at 37±0.2 °C temperature and 7 pH. To study the 
effect of nitrogen sources, different organic nitrogen sources 
0.05% (w/v) and inorganic nitrogen sources 0.1 % (w/v) were 
added to the minimal medium. Culture samples were with-
drawn at defined intervals, and after centrifugation at 10,000 x 
g for 20 min at 10°C, the supernatants were used as samples for 
decolourization assay.

Analytical methods :
Decolourization of the dye colour in the minimal medium was 
determined by monitoring changes in the absorbance of the cul-
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ture supernatant at wavelength 515 nm, and a control without 
inoculum was run under identical conditions. Whereas, the me-
dium without dye and inoculum was used as blank. The percent-
age of decolourization was calculated from the ratio the absorp-
tion values of the inoculated effluent and the corresponding 
control without inoculum. All the experiments were performed 
in triplicates. 

Results
When UV-visible spectra of the minimal medium with dye AR 
14-containing culture after incubation for defined intervals 
were scanned from 200–800 nm, a significant decrease in opti-
cal density at 515 nm was observed, the decrease in the absorp-
tion values were noted up to 3 days. (Figure 2)

Figure 2 : Variations in the spectra showing decrease in concen-
tration of Acid red 14 by isolated Bacillus species at different 
time intervals 

The isolate could decolourize AR 14 dye in the minimal medium 
up to the dye concentration of 300 mg/l concentration. The cells 
of the pure culture did not show any adsorption of the dye on 
the microbial biomass. The isolated pure culture was Bacillus 
species (Accession no. HE962082).

Effect of various nitrogen sources on decolourization:
The effect of organic nitrogen sources and inorganic nitrogen 
sources on colour removal of dye effluent was investigated by 
adding different organic nitrogen sources namely beef extract, 
yeast extract and peptone at 0.05% and inorganic nitrogen 
sources namely ammonium nitrate, sodium nitrate and am-
monium chloride at 0.1 % in combination of the best organic 
nitrogen sources amongst the three to the culture media. The 
percent decolourization was about 77% after 3 day’s incubation 
in the presence of 0.05% yeast extract, 64% in 0.05% of beef 
extract, 67.5% in 0.05% of peptone; whereas about 81% decol-
ourization was observed in the presence of 0.1% of ammonium 
chloride in combination of 0.05% yeast extract as compared to 
other nitrogen sources (Figure 3). 

Figure 3: Comparative study of the percent decolourization by 
the isolated Bacillus species using different nitrogen sources

On the other hand there was no increase in cell density in the 
minimal medium containing ammonium nitrate and sodium ni-
trate eventually no cell growth , no decolourization.

Discussion
The efficiency of colour removal from dye effluent by this strain 
decreased with an increase in the concentration of dye efflu-
ent which was evident from the spectrophotometric data with 
maximum decolourization in the minimal medium having dye 
concentration up to 300 mg/l. This suggests that the concen-
tration of a dye effluent affects the efficiency of colour removal. 
The significant decrease in the absorbance values of dye in this 
study was observed at 515 nm. This is in a good agreement 
with a previous report where yellow and red dyes in dye efflu-
ent peaked in the early part (400–450 nm) and the middle part 
(500–550 nm) of the spectrum measured between 400 and 700 
nm, respectively, whereas blue and black dyes peaked in the end 
part (600–650 nm) of the spectrum 13.

Although, it is a known fact that microorganisms are present in 
the contaminated sites or in effluents but their action need bi-
ostimulation which usually involves the addition of nutrients 
and oxygen to help indigenous microorganisms. These nutri-
ents are the basic building blocks of life and allow microbes 
to create the necessary enzymes to break down the contami-
nants.

Azo dye decolourization by mixed as well as pure cultures gen-
erally requires complex organic sources, such as yeast extract, 
peptone, beef extract or a combination of complex organic 
sources and carbohydrates14, 15. Regeneration of NADH plays 
a very important role, it acts as electron donor for the reduc-
tion of azo dyes in the effective decolourization of azo dyes by 
microorganisms. Yeast extract previously has been shown to 
supplement the growth of azo dye degrading bacteria 16. The ef-
fects of nutrient supplementation of either glucose or peptone 
enhanced decolourizing activity 17, 18, 19, 20.

It has also been seen that the Bacillus sp. ADR degrade and tol-
erates the higher concentration of azo dyes using only yeast ex-
tract as sole carbon and nitrogen source. Similarly, Enterobacter 
sp. azol could not metabolize the dye as sole carbon and energy 
source but it needed either glucose or peptone as co-substrate 
for decolourization 17. Yeast extract (representing the growth 
factor) required to activate the necessary coenzyme-producing 
metabolic pathways for azoreductase activities are the key com-
ponents for the decolourization activity21. 

Another interesting observation in this study was that the com-
bination of yeast extract and ammonium chloride enhanced the 
decolourization of AR 14 dye. The electron donors or co-sub-
strates are generally added to the minimal medium to enhance 
the decolourization efficiency of the microorganisms in the sys-
tem.

Mabrouk et al. (2008) isolated a dye-decolourizing bacterium 
and identified as Bacillus subtilis HM by 16S rDNA sequencing. 
The bacterium was able to decolourize aerobically eight dif-
ferent sulfonated azo dyes. Omitting both carbon and nitrogen 
sources from the medium caused 57.6% decrease in Fast red 
colour removal. Under a near – optimal conditions, almost 99 % 
decolourization was obtained after 6 h22.

Although decolourization is a challenging process to the waste-
water treatment, the result of this findings and literature sug-
gest a great potential for bacteria to be used to remove colour 
from dye waste. Thus, biological processes that are simple, fast 
and economical can be adopted for treating the coloured waste-
water.

However, further studies are needed to identify the exact bio-
chemical processes involved in the decolourization of dyes. May 
be the combination of microorganisms, chemical and physical 
techniques to enhance the efficiency of the microbiological de-
composition can be expected in future23. 
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